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(1) Most of tJie sensible lieat remamiujf 
25 iu the exliaust gases is practically 

impossible to recover econoraically 
and is therefore wasted. 

(2) Gasi»8 evolved when treating? sulphide 
ores and the like gas evolving^ materi* 

30 nls are diluted hy the heating grases, 
thus increafiin^ the cost of their 
recovety in the form, for instance, 
of dilute or concentrated acids. 
{^) The material underling treatment 
35 always becomes contaminatwl to a cer- 
tain extent with combustion products 
from the heating meditim. While 
this is in some cases not an important 
fai,-if»r, it becomes imi>ortant where 
40 the product bein^ ])roduc€d is to bp 
of hifrh purity. 
Tliere has act^i'dingly been a demand 
in the art for a means'of heatin«r finely 
dividwl solid materials not subject to the 
45 above dif5a<lvattta«reH, but up until the 
]jieseut tnue it has l>epn found imprac- 



be easily adapted to produce the optimum.' 
rate of heating of the materials under- ► 

O treatment and in which gases pro- 
during the various stages of the 
heating operation may be ^vithdrawn 75 
separately to provide for the economic 
recovery of useful components thereof. 

Other, objectfi and advantage^ of the 
present invention will be ajiparent as the 
specification proceeds. 80 

With the al>ove objects in view^ the 
present invention, broadly speaking, con- 
sists in a method of treating Jinely 
divide<l fliudi^able solid material compriC ' 
ing forming and maintaining a deep 85 
fluidijsed bed of said material in horizon- 
tal flow and transmitting lieat to .said 
jnaterial by means of heating elements io 
direct contact therewith at successive 
stages of its horizontal flow iu Turying 90 
predetermined quantities and at varving 
predetermined temperatures. 
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We, AldJMlNIUM LiBOlUTOBIBS LiMITKD, 

a Corporation organized under the laws of 
Canada, of 1800, Sun Life Building, iu 
tfe« City of Montreal, in the Province of 
6 Quebec, Canada^ do hereby declare the 
invention for which we pray that a patent 
may be granted to us. and the method by 
which it is to be performed, to be par- 
ticularly described ia and bv the folW- 
10 ing statement : — 

The present invention relates to o 
method and apparatuji for the treatment 
of fiaely dSviderl, flniidieable, solid 
material. 

16 Calcining operations on 'finely divided 
solid materials have, until the present, 
generally been carried out in rotary kilns 
with direct heat exchange taking place 
between combustion gases and the i)ar- 

20 tielefi of solid material. While this 
method is satisfactory for many uses, it 
suffers from n number of disadvantages, 
three of the main ones being : — 

(1) Most of tlie sensible Ixeat remaining 
26 in the exhaust gaaes is practically 

impossible to recover economicHlly 
and is therefore wasted. 

(2) Oases evolved when treating sulphide 
ores and the like gas evolving materi- 

30 nls are diluted *by the heating gases, 
thus increasing the cost of tlieir 
recovery in the form, for instance, 
of dilute or concentrated acids. 
(H) The material undergoing treatment 
36 always becomes contaminated to a cer- 
tain extent with combustion produi'tt* 
from the heating medium. While 
this is in some cases not an important 
factor, it becomes important where 
40 the product being produced is to bf 
of high i)urity. 
There has accordingly been a demand 
in the art for a means of heating finely 
divided solid materials not subject to the 
45 al)ove di»adrn stages, but np until the 
{Mresent time it hag been found imprac- 



tical to do this except on a very small 
scale or at very high cost. 

The present invention has ag a principal 
object the provision of a method of and 60 
apparatus for heating solid materials in 
granular and powder form by means of 
heating elements in direct contact with • 
said materials. 

It k also an object of the invention to 66 
P^.^<1« a method and apparatus 

which provides for efficient recovery of the 
excess heat contained in the products t>ro- " 
duced therein. 

It is a further object of flie invention 60' 
to provide a method of and an apparatus 
for the higli temperature treatment of 
cumminuted solid materials in which a ' 
product free from contamination from 
outside sources may be produced. • 65 

It is a still further object of tie inven- 
tion to provide a method of and an appar- 
atu/» for heating comminuted solid * 
materials which is adapted for continuous 
large scale operation and which, may 70 
be easily adapted to produce the optimtun 
rate of heating of the materials undei'- . 
going treatment and in which gases pro- ' 
duced during the various stages of the 
heating operation may be withdrawn 76 
separately to provide for the economic 
recovery of useful components thereof. 

Other objects and advantage^ of th« 
present invention will be apparent as the 
Bpecipcation proceeds. gp 

With the above objects in view the 
present invention, bxoadly speaking con- 
sistfl "1 a jn^od of treating Jinel^- 
divided flmdurable solid material compris-" 
ing fornaing and, maintaining a deep 85 
fluidiaed bed of said material in boriEon- 
tal flow and transmitting heat to said* 
material by means of heating elemeofe ia ' ' 
direct contact therewith at successive 
stages of its horizontal flow in varyino- 90 
predetermined quantities and at varying 
predetermined temperatures 
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The invention also consisis in ajjpam- 
tuB for treating finely divided^ flnidizaole 
solid material^ comprising means for pro- 
' viding a deep ^that is to say having a 
5 depth substantially greater tiian the 
width thereof), horizontally flowing fluid- 
ized bed of said material^ . said means 
including a refractory tunnel having a 
height substanfially greater than the 

10 width thereof and provided with a gas^ 
permeable bottom and means for introduc- 
ing thereinto through said gas-permeable 
bottom a fluidizing medium in controlled 
amounts, means for feeding comminuted 

15 material to one end of said tuimel near 
the bottom thereof, means for withdraw- 
ing/treated material from tbe other end 
of s^d tunnel at a point somewhat below 
the top thereof, means for withdrawing 

20 gaseous products fr(^4^he top of said 
tunnel; and heating meana'ija direct con-- 
tact with the material to be Ideated along 
at least a part of the leng& of said 
tunnel, the heat supplied thereby prefer- 

25 ably being calculated to supply heat to 
said material in amounts ana at tempera- 
tures corresponding to the heat require- 
ments curve of said material for the oper- 
ation beincf performed. 

SO Suitably the apparatus of the invention 
may be connected to a suitable . cooling 
apparatus, or the tunnel may be divided 
into two or more zones, in the latter of 
which means may be provided for cooling 

35 the material undergoing treatment and 
recovering th© heat contained therein. 
The cooling section majr contain cooling 
coilft through which is circulated a fluid- 
cooling medium, and this section of the 

40 tunnel may be suitably somewhat wider 
than tbe heating section of the tonnel. 
The oooling may, for instance^ be 
effected substantially in accordance with 
the teachings of copending application 

45 No. 15,151, filed June a6th. 1951 (Serial 
No. 693.868), and separation of the one 
«one from the other may suitably be 
effected by means of zoning devices of 
the type described in copending appli- 

50 cation No. 1801/53, filed January Zlst 
1953. 

Where the apparatus is designed for the 
treatment of materials which evolve 
gaseous products during the treatment, it 
55 may be desirable to £vide the heating 
zone of the tunnel into a number of sec- 
• . tions in order separately to extract the 
gase3 evolved over a number of tempera- 
ture ranges to produce sufficiently concen- 
60 trated gaseous products from which valu- • 
able components are recoverable. 

Eor low temperature calcination oper- 
ations the heating elements may consist 
of steam or hot gas pipes ^iiTanged in 
G5 suitable manner within the tunnej or. 



alternatiyelv the heating elements may 
be electrical resistors. 

For high temperature calcination oper- 
ation3, the heating element will consist 
of electrical resistors or radiant wall 7< 
surfaces. 

Where electrical resistor heating ele- 
ments are used it is preferred to an»an«e 
these in vertical hinks of horizontally 
disposed transversely extwiding elements, 7 
which may be removed from tne appara- 
tus through a suitable hatch in the toj) 
thereof. In a preferred form of the 
apparatus, several banks are connected 
togeth^ in a crib-like arrangement and 8< 
fed by common vertical distributor bars 
connected to overhead bu^-bars and .serv- 
ing as a suspension for the cribs. The 
advantage of this arrangement is that for 
each cnb there are only two sources- of 8 
heat leakage from the tunnel. 

The desi^ of the resistor elements 
themselves is of importance in obtaining 
the best pQssible results. The preferrei 
form of resistor element is a strip resistor & 
which is mounted with its major plane 
inclined at an angle to the horizontal, 
the downstream edge of the element beimr 
uppermost, all of which will be described 
m greater detail and will be more fully 9 
understood from the following detailed 
description of a number of embodiments 
of the mvention^en in conjunction with 
tlie accompanying drawings wherein ; — - 

Figure 1 is a longitudinal vertical sec- 1( 
tion of an apparatus according to the 
invention designed for low temperature 
calcination and recovery of the sensible 
heat contained in the product of calcina- 
tion, the heating elements being steam II 
pipes. ~ . 

Figure 2 is a iSnsverse cros^-section 
of the appMatus shown in Figure 1, taken 
along the line ^2. 

Figiure 3 is a fragmentary top plan i: 
yiew of the apparatus shown in Figure 1, 
illustrating the general arrangement of 
the cooling section thereof. 

Figure 4 is a cross-section of an appar- 
atus according to the invention, designed 1] 
for the roasting of sulphide ores, 3lus- 
tratmg how the heating portion of the 
tunnel may be divided into a plurality of 
zones for purposes of keeping ^e" gases 
from the several zones separate. J} 

Figure 6 is a longitudinal seclion of a 
kiln according to the invention illustrat- 
ing the use of strip type electrical resistor — 
elements arranged in oribs containing 
multiple vertical- ibahke of resistow. H 

Figure'0 is a longitudinal section simi-* 
lar-fo Figure 5 but illustrating the sap- 
aration of the calciner into zones ; 

Figure 7 is a crosa-s^tirai token alon^ 
the line 7—7 ot-Fiture 6, n 



736,03G 



3 



Fipnire 8 is a diagrammatic vertical 
longitudinal section through the bed and 
a smp resistor illustrating the flow of gas 
and solids past the element; 
5 Figure 9 is a graph of the heat require- 
men^ per 100** F. temperature rise in the 
calcination of gibbsite, and 

Figure 10 is a horizontal section illus- 
trating a suitable layout for a calcinning 

10 plant according to the invention. 

Referring now particularly to the draw- 
ings, the bin illustrated in Figures 1, 2 
and 3 is particularly adsmted for low tem- 
perature calcination. T^ie kiln consists 

16 essentially of an elongated tunnel rectan- 
gular in cross-section formed by the re- 
rractory side walls 10 and 11 and the re- 
fractory top 12 and bottom 13. The 
refractory portions of the kiln are, of 

20 course, supported by a suitable support- 
ing structure which is not shown in the 
drawings for purposes of simplicity of 
illustration. The supporting structure 
may, of course, be of any conventional 

26 design and construction. 

The tunnel is provided with the gas- 
permeable membrane 14 parallelling the 
bottom thereof and running from end to 
end thereof. The gas-permeable membrane 

30 may be composed of any material perme- 
able to gases but impermeable to the 
finely divided material which is to under- 
go treatment, and is of sufficiently refrac- 
tory character to withstand the tempera- 

86 ture encountered during the calcination 
process. It may, for instance, be a wire 
screen supported on a heavier wire grid, 
or be a sandwich consisting of one or more 
layers of asbestos cloth between layers of 

40 wire gauze. In high temperature kilns it 
may be desirable to use a porous refrac- 
tory material. In general, howeyer^ for 
meaium and low temperature operations 
wire gauze, or a wire gauze-asbestos sand- 

46 wich arrangement, will be preferred. The 
tunnel is provided at one end with a feed 
bin 16 communicating with the interior 
16 of the tunnel throiigh the space 17 
below the underflow baffle 18. The bottom 

50 19 of the feed bin is slanted so that 
material within the feed bin 15 will flow 
by gravity into the interior 16 of the tun- 
nel. Suitable means (not shown) are pro- 
vided for supplying material to undergo 

65 treatment at a predetermined rate to the 
feed bin 15. 

At the other end of the tunnel is 
mounted a discharge bin 20 which com- 
municates with the interior 16 of the 
60 tunnel through the space 21 above the 
overflow baffie 22. The bin 20 is provided 
with a suitable delivery chute 23. 

The tunnel is divided into a heating 
zone A and a cooling zone B, by means of 

66 a separating bafSe 24 which extends from 



the roof of the tunnel to a point below the 
normal level of the top of the material 
undergoing treatment within the tunnel 
and by th* separating baffie 25 extending 
between the walls 10 and 11 of the tunnel 70 
and.leayinff a space 26 between it and the 
separating baffle 24 and a space 27 between 
the bottom thereof and the membrane 14. 
The separating baffle 28 separates the 
space within the tunnel below the porous 76 
membrance 14 into two chambers A^ and 
B^. Inlet ports for fluidizing medium 
to chambers B* and A* respectively are 
provided in the bottom 13 of the tunnel, 
as at 29 and 30, and preferably the fluidi- 80 
zing medium conduit 31 connecting to 
the inlet 30 is fed through a heat ex- 
changer (illustrated diagrammatically at 
32). Separate exhaust stacks for each of 
the chambers A and B are provided res- 86 
pectively by the stacks 33 and 34, while 
a further exhaust stack 35 may be pro- 
vided in the top of the discharge bin 20. 
The system for supplying flnidizing 
medium to the inlet ports 29 and 30 is 90 
provided with the usual means (not 
shown) for controlling the rate of delivery 
of flnidizing medium to the chambers B* 
and A^ respectively, and such means are 
arranged so that the amounts of flnidizing 96 
medium delivered to each of the chambers 
B^ and A^ can be independentlv con- 
trolled. ^ 

Within the heating zone A are situated 
the steam pipes 36 which may suitably 100 
be mounted in banks between steam 
headers 3Ga substantially as illustrated in 
Figure 2. The width of the tunnel is 
governed principally by the fluidized flow 
characteristics of the material undergoing 106 
treatoient and will be wide enough to 
eliminate the possibility of surface 
phenomena along the sidewalls inter- 
fering with^ the smooth flow of the 
material, while the tunnel should not be HO 
wide enough to allow cross-currents and 
eddies to develop. In general, the tunnel 
will be between about one foot and six 
feet in width. The height of the tunnel 
of the heating zone should be greater 116 
than the width thereof and generafiy will 
be about 6 to 7 feet. In principle the 
tunnel could have a height as low as 3 
feet, but since the bed in such a shallow 
tunnel would have unfavourable heat ex- 120 
change characteristics, it is preferable in 
all but the smallest of installations to 
design the tunnel so that it has a height 
of at least five feet. 

The banks of heating elements 36 are 126 
so arranged in spacing and density as to 
produce substantially the optimum rate 
of heating for the ' particular material 
being calcined. If no changes of phase 
are occurring the temperature at any 130 



point witliiu tlie tuiincl will be sl fmic- 
tioa of tlie distance from the inlet and -aa 
well as of the thermal properties of the 
material to he heated and £he hoiizonial 
^ bed Telocity of the material passing 
through the apparatus. Where dian^^es 
of phase involving ahsorption or emission 
of energy are occnrring, tlie increased or 
decreased amoimt of heat rec^nired can 
10 either he calculated from existin* data or 
determined empirically. Thus it is pos- 
sible to calcxilate the temperature and 
heat requirements at any point in the 
tunnel with a considerable degree of 
15 accuracy, and .design tie apparatus 
accordingly. 

The spacing of "ijie heating elements 
will thus be dense? in regions of the 
apparatus corresponding to ranges of tem- 
20 perature where more beat is required for 
instance, because of ^do:(iLerinie~ piiaae_ 
changes in the material and vice versa. 
In practice it is possible to design ^e 
arrangement of heating elements so that 
85 the quantity of heat supplied at various 
temperatures corresponds closely to the 
heat requirement curve of the material 
being treated for any particular opera- 
tion. In zones where no phase changes 
80 are taking place the spacing of the heat- 
ing elements is governed^ .1^ the heat 
capacity (i.e. specific heat times weight) 
of the material in those zones; 
It will be understood that^ if 3esired, 
35 the heating zone may be divided into two 
or more sections by means of zoning 
devices of the type used to separate the 
heating and cooling departments. Sucb 
an arrangement may be convenient if the 
.40 type of or amount of gas evolved during 
heating changes as the temperature oi 
the material increases. 

The cooling zone B of the tunnel may 
be somewhat wider than the heating zone 
45 A in order to shorten the length of the 
apparatus and provide a certain amount 
of freedom in the arrangement of heat 
exchange elements therein. In Figures 1 
and 3 the cooling zone B is illustrated as 
50 having a series of banks of heat exchange 
elements 37 consisting of buckled tubings, 
through which a fluid heat exchange 
medium may be circulated. 

The apparatus thus far described 
65 operates in the following manner. ITIuidi- 
zing medium, which may be air, 
gas or any desired vapour or gas, is fed 
to the chambers A* ana B^ cmd passes up- 
wardly through the membrane 14. The 
60 comminuted material to be treated is fed 
to the feed bin 15 and passes beneath tlie 
underflow baffle 18 under tiie influence of 
gravity and flows out over the membrane 
14. However, the fluidizing medium pass- 
65 ing upwardly through the monbrane 14 



fluidizes the mat^al flowing into the 
interior 16 of the tunnel from the feed bin 
15. reducing its natural angle <rf repose to 
supstantially zero, and causing it to flow 
substantially like a liquid, so that it fills W 
the space W within the tunnel until the 
level of the top of it exceeds the level of 
the overflow baffle 22 at the outlet end of 
the tunnel, at which point the level of 
material in the tunnel will remain sub- 75 
stantially oonstantj and the material will 
be continually overflowing through the 
space 21 into the bin 20 at the same rate 
as material is being- fed ^ the feed bin 
15. Thus a deep horizontally flowing 80 
fluidised bed 58 is built up within the 
tunnel. The depth of the bed should in 
general be approximately two-thirds to 
three-quarters of the total depth of the 
tunnd, and because of the oontmual feed- 8& 
ing of fresh material to the bed and with- 
Tirawiuff of material from the outlet end 
of the bed, the whole bed will be conti- 
nually moving horizontallv towards the 
outlet end at a rate depending upon the 88 
rate of feed. 

The state of subdivision of the feed 
material may vary considerably. 
Materials as coarse as 5 mesh (U.S. Stan- 
dard Screen^ may be treated in an appa- 05' 
ratos of this character. However, it is 
X>referred.to have the feed material com- 
minuted to a state of subdivision below 
20 mei^. 

As the mai^al proceeds through the 100 
heating zone A it becomes heated hy the 
heating elements 36. In tile case of moist 
or hydmted materials, the water is diiven 
off in the form of steam. Sinee this steam 
wiU itself act as a fluidizing medium, it Iffe 
18 desirable to xegnlate the flow of fluidi- 
zipg^jneditua: to the chamber A* in such 
a way that the combined fluidizing effect 
of the fluidizing medium passing thiough 
the membrane 14 and the steam produced 
during the calcination is essentidly 
uniform along the length of zone A. 
Thus, for example, chamber A* may if 
desir^l, be divided into two or more 
chambers and the rate of input to each 115 
chamber adjusted to achieve the desired 
uniformity of total fluidizing effect. 

The separating baffle 24 extending be- 
low the surface of the bed 38 forms a seal 
confimng the heated fluidizing medium 120 
m the space 39 above the bed in zone A, 
so that it may be withdrawn separately 
through stack 33 and the heat therein may 
be recovered in the form of process steam 
or m any other desired manner, as for 125 
instance, by using it as a heat exchange 
medium in the heat exchanger 32 to h^t 
tile inflowing fluidizing medium in con- 

QTUt 31- 

At the ddwiistream mid of zone A the 130 
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m terial uadergoing treatiueat as u hot, 
calci&ed prod-oet flows tiirougk the spaces 
and 27 into tli« cooliBg mue where 
it 16 eooI«d by means of hanks of eooling 
5 ooUb 87. 

It will be appreciated that the eooling 
of the hot material may be ucoomplished 
otherwise thaa m a seetion of the tunnel 
sHch Qtt section B described above. It 
U) may, for instance^be desired to cool the 
calcined material in conventional manner 
or to pass the material from section A 
over an over-flow baffle and then a verti- 
cal shaft to a cooling tunnel of the type 

15 described in said copending Application 
No. 15,151/51 (Serial No. 693,868). 
Aecoixiingly, it is to be understood that 
the illustration herein of the calciner 
being mounted in connection with u cool- 

20 ing section is given as an example only 
of one of a preferred method of putting 
the invention into practice. Various 
other arrangements of caleiners according 
to the invention will be obvious to those 

® skilled in the art. 

The heat recovered in the cooling 
medium flowing: through the coils t$7 may 
be used for various purposes, for instance, 
for the production of process steam or 

20 otherwise, as desired. Finally, the 
cooled, calcined j^roduet overflows the 
overflow baffle 22 and is discharged 
through the delivery chute 23 for bag- 
ging or further processing, as the case 

86 miy be. 

xhe apparatus illustrated in Figure 4 
is a good example of the manner in which 
apparatus according to the invention may 
be arranged or modified to take advan- 

40 tage of favourable factors developing 
during the treatment of certain materials. 
The apparatus illustrated is designed for 
the roasting of sulphide ores, and it 
differs from that illustrated in Figures 

46 1, 2 and 3 mainly in the division of the 
heating section into two separated zones 
and the provision of electric heating 
elements instead of steam or gas pipes. 
The main coiuixinents of the fluidizing 

Sb trough are similar to those in Figures 1, 
2 and 3 and are indicated by like refer- 
ence numerals. 

As shown, the apparatus is divided into 
^ a preheating zone G, a roasting zone D 

d**! find a cooling zone E by zoning devices 
of the type described in Application No. 
1801/53,. filed 2l8t Januaiy, 195:3. 

Each of these devices consists of an 
overflow baffle 40 and an underflow 

6(1 baffle placed in parallel spaced apart 
relationship to the overflow baffle on the 
downstream side thereof (tiat is to say, 
on the side thereof remote from the feed 
esid of the apparatus). The impermeable 
46 Uooks 42 prevent entry of fluidizing 



medium below the space between tLe 
baffles 40 and 41. As described in Appli- 
cation No. 1801/53, filed 21st January, 
1953, these zoning devices dSectively 
isolate the solid materials and gases iu 70 
each zone from those in the other without 
materially interfering with the hori- 
zontal flow of the fluidized solids through 
the apparatus. As shown by the lower 
level of the bed surface on the downstream 75 
side of each zoning device, however^ 
these devices do result in a slight loss of 
head, but this is immaterial to the opera- 
tion of the apparatus. 

The space between the membrane 14 80 
and the l)ottom of the apparatus is 
divided into separate gas chambers CS 
and by the panels 28 which are situ- 
ated beneath the impermeable blocks 42. 
To the chambers and aro fed 85 

different fluidizing gases c, d and e, res- 
pectively, from independent sources^ 

Within the tunnel and arranged so 
that they will be totally submerged in. 
and distributed throughout the fluidised 90 
bed are the electric resistance heating 
elements 4S, These are arranged cross- 
wise of the bed and may be of any suit- 
able type in accordance with the design 
requirements of the apparatus and the 05 
temj)eratures to which they are to be 
heated. They may, for instance, be of 
tubular or bar form, or may be of the flat 
strip type. They may be mounted in any 
convenient manner, but preferably will 100 
be mounted m the manner illustrated in 
Figures 5, 6 and 7, which manner of 
mounting will be described later. They 
may be formed from any suitable metal, 
but w;liere the temperature is high, or 106 
corrosive gases or vapours are evolved, 
tli€y may be formed from silicon carbide 
cir other like temperature or corrosive 
resistant material. The resistors 43 will 
be suitably electrically connected to pro- 110 
vide for independent control of the power 
supplied to tlifl elements in zones C and 

Metallic ores containing sulphides in 
quantities not high enough to provide for H6 
their complete calcination W the exo- 
thermic oxidation of the sulphides may be 
treated according to the invention with 
particular advantage, and the operation 
of tbe apparatus illustrated in- Figure 4 120 
wUl be described with reference to the 
treatment of this type of ore, although 
It will be aj>preciated that such apparatus 
magr be used in many other applications. 

The ore is fed to the feed bin 15 and 125 
enters zone C of the apparatus throuffh 
Sffl''?!'^' 17 under the underflow 
baffle 18, where it becomes fluidized in 
tJie manner previously explained and 
forms Itself mto a horizontally flowing 180 
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fltiidiz^ bed. The gjas wHcli is Tised 
to fluidisse isone vml in this case be an 
inert g^as such aa nitrogen^ carbon dioxide 
or flue gas. Sufficient heat is supplied by 

6 heating elements 13 in zone 0 to bring 
the temperature of the material being 
treated up to a point just below that at 
which the exothermic oxidation of the 
sulphide particles becomes adf -initiating. 

10 The hot materials then flow over the 
overflow baffle 40 and downwardly under 
the influence of gravity, entering zone D 
through the space beneath the underflow 
batffle 41. The fluidizing gas d, which is 

16 supplied to zone D, is a mixture of air 
and a portion of the exit gas drawn 
off from the top of zone D, and, as the 
material proceeds through srone D, its 
temperatiure is raised to the noint where 

20 the exothermic oxidation of me sulphide 
particles takes place. The amount of 
heat supplied to this zone is^ calculated 
to brin^ the oxidation, to cosipletion. 
Part of the! exit gases are recirculated 

25 with the fluidizing medium in -zone !D in 
order to bring the concentration of the 
SOa in gas d^ to the highest possible point, 
and oiuy sufficient air (or oxygen) is sup- 
plied to enable completion of the oxida- 

30 tion reaction. The main body of the gas 
d^ can be used for tiie ijroduetion of sul- 
phuric acid. Thus, by the use of the 
invention a concentration of SO, in the 
exit gas can be obtained, which is other- 

36 impossible when roasting ores of this 
type, thereby permitting the production 
of sulphuric acid as a by-product and en- 
abling economic processing of ores which 
would otherwise be of marginal value. 

40 The power consumption in tins tjrpe of 
application depends on the composition of 
the ore, and may be limited to a few Kilo- 
watt hours per ton of calcined product 
which can be largely recovered in the 

46 form of process steam developed from the 
cooling medium circulating fiirough coils 
37 in zone E of the apparatus. 

In Figures 5. 6 and 7 illustration is 

SVen of how the heating elements may 
_ _ 1^ arranged in multiple vertical banks of 
crib-like structure* It will be seen that 
the same general structure for producing 
a deep horizontally flowing fluidized bed 
of the material being treated is utilized 
gg as in the embodiment of the invention 
previously described. The embodiments 
illustrated in Ei^es 5, 6 and 7 will 
therefore be described only insofar as 
they differ from those illiistrated- in 
QQ Figures 1 — 4. 

In the apimratus illustrated in Figure 
5 the heating zone F is separated from 
the cooling zone Q only by the imderflow 
baffle 50. This apparatus is designed 
65 primarily for the treatment of materials 



where the changes in condition of the 
material during its treatment do not lead 
to the evolution of potentially valuable 
gases, and there is therefore no need to 
effect an accurate separation of the gases 1 
in the heating zone and those in the cool- 
ing zone, while gases of similar composi- 
tion may be used as flxiidising media in 
both zones. Obviously such an arrange- ' 
ment can be used only if the pressures on 7 
the chambers F and Gr are substantially 
the same. If the transfer of fluidizing 
medium between chambCTs becomes too 
great, zoning devices as shown in Figure 
4 should be used. It will also be observed I 
that the gas chamber below the heating 
zone F is divided into two independently 
supplied chambers F^ and F^ by partition 
51. This is done so that the amount of 
fluidizing medium supplied may be ( 
varied to suit conditiouB as the material 
proceeds through zone F. It may be 

' desirable to vary the amoupit of fluidizing 
medium supplied for various " reasons, 

- One of these, as has already he&a men- 0 
tioned, is that if a gas is evolved from 
the material during heating thereof, this 
gas will itself act as a fluiifizing medium 
once it is set free, making the require- 
ments of added fluidizing medium less in 9 
that portion of the apparatus where the 

-evolution of gas is occurring. Another 
reasoia Ts ifliat, as is well known in the art, 
the " viscosi^ of the bed will decreasfe' 
as more fluidizing* medium is supplied. I 
Since the resistance to flow of the appa- 
ratus may vary from portion to portion, 
either because of changes in the density 
of the arrangement of the heating 
elements or changes in the nature of the 1 
material being treated, it may be desir- 
able to adjust the amount of fluidizing 
medium supplied in a manner allowing 
r ^ ^® variation in resistance to flow so 
that the head of material within each zone 1 
is as uniform as possible throughout the 
length of the zone. It should also be 

Cted out that dusting losses occurring 
use of entrainment of finer particles 
of material in the exit gases will be 1 
F^^t^T-for higher space velocities of 
fluidizing medium within the bed and 
above it. Accordingly it will be desirable 
to maintain at all tunes as jow a space 
velocity as is possible consistent with 1 
efficiency of Qie heating and cooling 
operations being carried out. In practice 
it kas been found possible by pidper con- 
trol of space velocities to reduce the dust- 
ing losses in the treatmwit of 4such readily | 
entrainable materials as powdered 
al^odna to as low a value as about 6%, 
while still maintaining a sufficiently low 
" viscosity " within the bed to permit 
efficient carrying oui .of the calcining J 
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operation. Tlie ideal space velocities 
will^ of course, vary from material to 
material and will depend also to some 
extwt upon tlie particular apparatiut 

5 concerned. It is liowever, a simple 
matter to determine tliis in practice for 
any particular set of conditions. 

The heating elements -32 in the appa- 
ratus illustrated in Eiffures 5, 6 and 7 

10 are arranged in multiple vertical banks, 
each hank being ilanked on each side and 
supplied with power by a vertical distri- 
butor bar 53. These distributor bars are 
connected at their upper ends to the 

15 branch bus-bara 54, wEich are fed hy the 
vertical bus-bars 55 connected centrally 
thereto and which connect at their 
upper end to main power bus lines (not 
shown) situated above the apparatus. 

20 The proper spacing between the vertical 
distributor bars on either side of the heat- 
inff- elements 52 is maintained by the in- 
sulated spacers 56 which extend between 
the end distributor bare of each ''crib'* 

25 <>3r group of banks. Each " crib " may 
be suitablv supported in the tunnel by 
ceramic block supports consisting, for 
instance, of the blocks 57 beneath the 
membrane 14 and blocks 58 abov« the 

30 same. The cribs, however, will only 
require support beneath the end distribu- 
tor bars, and in general the area of sup- 
port will be as small as possible so that 
influx of fluidising medium is interfered 

3o with only to a minimum extent. 

The roof of the tunnel is formed from 
ceramic blocks, and these are arranged in 
such a wav as to form removable hatches 
59 directly above the cribs of heating 

40 elemente so that for purposes of servicing 
and maintenance the cribs can be removed 
upwardly through the hatches without 
having to dismantle the apparatus as a 
whole. 

45 The arrangement of the heatiug ele- 
ments in multiple banks or cribs as set 
forth has many advantages. In the first 
place, of course, it provides for easy 
removal and adjustment of the heating 

50 elements, making it possible to vary the 
arrauRement, density and heat delivery 
of each portion of the apparatus without 
having to rebuild the whole. Thus a 
greater versatility in operation is 

55 afforded. Very important from a heat 
economy point of view, however, is the 
fact that with only two buses passing 
through the roof of the tunnel for v each 
crib, there are a very small number of 

60 sources of heat leakage from the appa^ 
ratus. This results in increased economy 
of operation, particularly insofar as high 
temperature operations are concerned. 
The heating elements 52 may be of any 

65 suitable design. From the point of view 



of simplicity, availability and cost, it is 
most advantageous to uUlize strip resis* 
tors, but it was at first believed that this 
woiild be impossible because of the nature 
of the operation being carried on. If 79 
strip resistors are placed with their flat 
surfaces in the horizontal plane, the area 
above them is masked from the fluidising 
medium and unfiuidized material will 
deposit on the top of the elements. This 75 
will be mostly moved ofi aa the bed 
advances horizontally, but a considerable 
amount remains permanently on the top 
of each element. At the same time, an 
air pocket forms under each resistor. Not 80 
only is the life of the elements greatly 
reduced in this manner, but the whole 
fluidizing operation is upset. It will be 
appreciated that if flat resistors are dis- 
posed with their flat surfaces in the verti- 85 
cal plane, their combined resistance to 
horizontal flow of the bed becomes much 
too great for practical operation. 

We have found, however, that if the 
flat surfaces of the resistors are inclined 9Q 
with their downstream edges above their 
upstream edges at a certain angle to the 
horizontal, both the solids and the gas 
move pa^t the strip at a very fast rate, as 
is illustrated in Figure 8^ and the 95 
adverse effects previously mentioned are 
overcome. Experimentally it has been 
found that if the angle of inclination of 
the strips is between 75*' and 45* to the 
horizontal, the elements may be arranged 100 
in a density as great as 48 lineal feet of 
elements (1 inch wide) per cubic foot of 
bed without interrupting the smooth flow 
of solids through the bed or materially 
interfering with the fluidizing operation. 105 
In order to achieies best results, it is im- 
portant to ensure that the horizontal bed 
velocity is fairly high, since, as will be 
appreciated, the slower this velociiy, the 
more pronounced are the difficulties 'des- HQ 
cribed above. Bed velocities between 0.2 
to 5 feet per minute have been found to 
be desirable in connection with use of the 
apparatus with tubular heating elements, 
while when using strip resistors, as above 115 
set forth, it has been found desirable to 
design the eouipment with a bed velocity 
in mind in tlxe upper part of this range. 
The upper limit of 5 feet per minute is 
by no means critical insofar as operability 12O 
is concerned, but is griven here merely as 
an example of a desirable upper limit 
from the practical standpoint. The 
reason that it is not desired to go beyond 
this velocity is simply that the higher 125 
the horizontal velocity of the bed becomes, 
the longer the heating zone must be to 
enable the required heat to be trans- 
ferred to the material passing through it. 
Operations at higher bed velocities are 130 



8 



quite feasible, but are geaearaUy speakiBg 
apt. to be uiiecGBomical hAvm^ regard to 
tne }ii^er capital eost of equipment per 
unit of capacity, and tiie greats area 
5 available for keat radiation and conduc- 
tion losses. 

It filiould be pointed out ttat, while tiie 
beating elements illustrated kerein are 
generally disposed korizontaily across l^e 
10 bed. any oUier conveni^t arrangement 
may be resorted to witiiout departing 
from the spirit of the invention. The 
elements may in fact J)e disposed verti- 
^ cally or longitudinally of the heaung 
15 trough, or at any intemediate angle. In 
cases where steam or hot gas pipes ttre 
used, an sCrrang^nent similar to ^he 
arrangement of the cooling pipes in ^e 
cooling zones illustrated h^ein oould be 
20 utilized. We g^erally pr^er horizontal 
elements disiK)8ed oxosswise to tiie trou^ 
becaoses of simplicniy of design and ver- 
satility of axrangement and ease o| qosl- 
trol in operation. We wish, it to be undar- 
26 ^tood, however, that eur invention is not 
limited to the particular arrangements 
shown, the vari^y of operable airange* 
ments which could be utilized being 
practically unlimited, 33ad those arrange- 
ments which are - actually illustrated 
being arranffemeatB whiish we partieu- 
larly prefer Ijiaving regard principsdly to 
design consideraticms only. 

The apparatus illustrated in Figure 6 
Qq is a modification of tiiat shown in f'igure 
4, the heating section being divided into 
zones H and . K, and the zone £ 
being separated from the cooling 
section L by zoning devices ccm- 
40 aisting of the wedge-shaped weirs 60 ^d 
the underflow baffles 61 in accordaaaee with, 
a preferred embodWent of the zoning 
device described ia Application No. 
1801 filed 21st JTanuary 1953. 
45 and having strip resistor heating ele- 
ments arranged m multiple banlcs . or 
cribs. Tlxis apparatus operates in a manaer 
similar to that illustrated in-^igure 4, 
but it i^ designed for the somewhat h^her 
50 rates of horizontal flow made desirable 
when using strip type resistor heating 
elements, the head loss from zone to zone 
at higher rates of flow being much less 
with this type of zoning d&dce than wi^ 
56 the type shown in Figuro 4. 

In order to illustrate how the appara^ 
tua may be adapted for the carryin^r out 
of any particular operation and tiie 
various factors entering into the do^gn of 



the apparatus of the invention^ the follow- GO 
ing •e^lanatioxL is given nsm^ - a« an 
^cample the oaleination of alumina. From 
the esplanati(m given tliose dolled in the 
art will have no diflieulty in suitably 
arranginffappaaratuB of the invention for 65 
use in other processes involving the lieat- 
ingr of finely divided fluidi«ible solid 
matenai. 

It ie first of all necessary to kave r^ard 
to the thermal oharacteristics of the 70 
material which ia to be treated, and for 
purposes of illustration it will be 
assumed that the material to be heated is 
gib^ite and iJiat it is in pure bone-dry 
condition when it is fed to tiie apparatus. 75 
Accurate th^raial data for material of 
mineral origin is not usually available, 
but suflficientiy accurate detennination of 
^e factors involved to enaWe rational 
desi|n of apparatus may be made \yy 80 
dividine the temperature range tirou^ 
whidi the material is to be heated into 
ranges of say 100" F. and calculating the 
average amount of heat which wffl be 
r«q^ed withia eaeSx suoh temperature 85 
ran^e* For purposes of the present iUus- 
teatjoa it is assumed that the gibbsite 
begins to decompose at BOO' F., and it is 
assumed that the mat^al is completely 
dehvdrated at a temperature of 950'' F. 90 
Within these two limits it is assumed that 
•at fiOO*" F. the conyersion is 25% 
complete, and at 750* F. it is 75% 
complete. 

The heat of reaction during the con- 95 
version iaay be taken for the reaction: 
2AI <0H)3^A <7) + 3H,0 (g) at 
600; ±. Since 600° i (€20^F) ii close 
to the assumed 50 % conversion point, iot 
praciacal purposes it is possible to'dis-lOO 
regard the heat taken for heating- the 
released water from Ae base 4emi>erature 
of 600^K^.toi3ie e3dt temperature. This 
assumption is furth^ justified by the 
fact that in the apparatus of the mven* 105 
tion the water of d^ydration is dis- 
charged from the bed almost in the same 
place in which it is released from the 
molecule, and accordingly does not under- 
go further heating or cooling in "Uie bed 110 
and does not cause .further consumption 
of heat in the subseguent zones through 
which^t^e flows. 

Acting on the above assumptions, the 
nwjessary thermal data for design of suit- 115 
able apparatus can readily be calculated 
and is tabulated in Table 1. 
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Taelb I. 

CALCIKATIOli' OF ALUMINA. 

Thermal data for the calcinatioii of 1 HJ.S.) ton gamma alumina from 1.530 ion 

Q-ibbeite dry basis 



Temperature 
range of 



Weight of Heat requirements 
system — Q total Btu's 
lbs. total 



Heat required 
. inlOO-F. 
intervals Btu/ 
100- F. 



Kw— hrs 
required 



230— 350 


3,060 


77,112 


642.6 


^.6 


350— 600 


2,927 


611,247 


6439.4 


179.0 


600— 760 


2;630 


991,609 


6610.7 


290.4 


760— 960 


2,132 


556,865 


2784.3 


168.1 


960—1050 


2,000 


52,000 


520.0 


15.2 


1050-1250 


2,000 


104,000 


520.0 


80.5 


1260—1960 


2,000 


864,000 


620.0 


106.6 


Total 








230—1960 




2,766,833 


•2576.7 


807.4 


'Average 









lU 
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The^ above data is represented in 

20 graphical form in Figure 9, the curve 90 
being the heat requiremeirt curve lor the 
operation which is to be performed. It 
will be appreciated that similar curve 
oould be prepared for any material which 

25 is fiuidizable in £nely divided form once 
the general thermal properties of the 
material have been ascertained. 

The next stage in the design of a suitable 
apparatus is to determine what the capa- 

3(1 ci^ i)er unit of time is to be. Assuming 
that the heating elements are to be in the 
preferred form of electrical strip resis- 
tors inclined at an an^le to the horizontal 
as above described^ it is a simple matter to 

35 determine what the cross-sectional area of 
the fiuidized bed should be to have the 
correct amount of fluidized solid material 

Sass anj given point in any given unit of 
ime with a horizontal bed velocity in the 
4U neighbourhood of 5' per minute, which, 
as explained above, is a suitable bed 
velocity when using strip tvpe resistors. 

The bed velocity bein^ known and the 
specific heat of the material being known, 
46 it is a simple calculation to determine how 
much heat must be nut in to the apparatus 
in order to have tne material passing a 
given point at a temperature of 350* F. 
For tne calcination of gibbsite, it^ is 
W desirable at this point to insert a zoning 
device, preferably of the type illustrated 
in Figure 6. 

By using the graph in Figure 9 it is a 
simple matter to determine the amount of 
55 heat required to raise the material to a 
temperature of OOO"" F. and the heating 
elements may be arranged and deigned 
to introduce this quantity of heat. Simi- 
larly, by reference to Figure 9, it will be 
00 notea that within the temperature ranges 
between 600 and 750"" slightly more heat 



will be required, while in the tempera- 
ture range of from 760 to 95Q* consider- 
ably less heat must be inserted. Normally, 
it would be desirable to insert a zoning 65 
device in the apparatus slightly above the 
temperature of 950* since it is at this 
point that water ceases to be evolved by 
the material. 

Depending upon what end product is 70 
desired, the material will then either pass 
into a cooling section, in which case 
gamma alumina is produced, or the 
material may be passed through a further 
heating zone andheated to a temperature 75 
of approximately 1950** F. to produce 
normal alumina. It will be seen from the 
raph in Figure 9, however, and from the 
ata given in Table I that the heating 
from 960 to I960* only takes approii- 80 
mately 19% of the total heat required for 
the operation. 

Although the use of electrical resistors 
is quite feasible up to a temperature of 
I960" F. or higher, particularly when 8f; 
silicon carbide heating elements are 
employed, heating by means of electrical 
resistor elements finds its most advan- 
tageous field of use at temperatures below 
lOOO* F. Because electrical losses are apt 90 
to be greater in high temperature cal- 
cination, it is generally more economical 
to make use of radiant walls on either side 
of the tunnel which are heated from the 
outside by means of burners of one sort 95 
or another. It should be emphasized, 
however, that there are many cases where 
it may be desirable to use electrical resis- 
tor heating even at high temperatures 
Wause the advantages afforded may more Jfjo 
than offset the less efficient use of electri- 
city at these temperatures 

On the basis of the foregoing data 
(whidk it will be appreciated is only 
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roughly correct), tie calcinatioii of gibb-, 
site to a temperature of I960**' F. would 
iuvolve the use of 2JSO,000 Btu's and 
recovery of approzimaiBly 950,000 Btu's 

5 in the form of steam. The AppioxiiiLate 
overall heat consomptioxL (mixumum) 
therefore wiQ be .about 1,800,000 Bta's 
per ton. This compares with a consump- 
tion of approximately 3,500«00O Btu's per 

10 ton. which is the h«st data in connection 
witn heat consumption for calcination of 
ake same material in. rotary kilns. Use oi 
the present invention,' therefore, afiords 
the possibiliiy of saving almost half of 

15 the heat necessary for caxiyiuff out the 
same operation in a cpnyentionsu. manner. 

While mention has been made of the 
trealment of aluxnina and low grade sul- 
phide ores aceording to the invention^ it 

20 will be appreciated that such materials 
are given only lasTi'means of illustration. 
The invention may be- applicable to the 
treatment of any inBterijaJL which, is cap- 
able of being- £uidized in finely divided 

25 form. In this connection, it should be 
pointed out that miany materials in finely 
divided form will tend to sint^ when they 
are heated or will form specific structured 
agglomerations, sometimes referred to as 

80 " aero-thixotropic gels when an 
attempt is made to fluidize them. Other 
materials will form agglomerates and, of 
course, all such materials are not suitable 
for treatment according to the present 

35 invention. ^Materials which are capable of 
fiuidization. are well i^xown in the art and 
a great number of them are listed in the 
literature. On the other band^ it is a 
matter of a very sizaple experiment to 

40 determine whether or not uiy i^urtiinilar 
finely divided inaterial i» capable of bein^ 
flxddized. 

In the specification and in the appended 
claims we use the term " fluidizable 

45 and it should be understood that in using 
this term we intend to include all solid 
laaterials which when in suitable finely 
divided fonn are capable of successfully 
being fiuidized by the passage upwardly 

50 therethrough of a controlled flow of a 
suitable fluidizing medium and which will 
continue to be fluidizable throughout the 
operation which is bein^ carried out. By 
the use of such term we intend to exclude 

55 an^ materials which cannot be satisfac- 
torily fluidized in the manner known in 
the art and materials which, although 
they may be fluidizable in the cold state, 
will undergo physical changes during 

60 heating, rendering them no Ioi^ot cap- 
able of being satisfactorily fluidized. 

Various arrangCTaents of the apparatus 
of the invention which may be resorted to 
in designing a plant for the carrying, out 

65 of any particular operation will be 



apparent to those skilled in the art. One 
sudi arrangement suitaUe for the calcina- 
tion of alximina is given, by way of illus- 
tration in Figrnre 10. It wul be seen that - 
. the plant consists of three heating sections 7( 

Q and It, and two cooling sectiona S 
and T arranged side hy siae with the 
material entering the piant through, the 
chute 101 and leaving it by the chute 
102. Heat is supplied ta the material by 71 
means of the multiple banks of «trip resis- 
tors 103 of the type described in connec- 
tion wilh. the apparatus illustrated in 
Figures 6, 6 and 7, while .the sensible 
heat in the hot, calcined product is 8( 
largely recovered hj means of a liquid 
cooling medium flowing through the.cool- 
. ing CPUS 104 in the cooling sections S and 
T. The electrical oonnectionB are conveni- 
ently mountable above the apx>aratus, as 8f 
are connections for the circulation on the 
cooling medium. 

The heat economy aspect of the- inven- 
tion will be at once apparent since there 
wUl be no heat losses through the inters 91 
vening waUs 105, 106. 107 and 108, wMle 
the compactness of the arrangement 
offers a considerable advantage in saving 
of plant space. The plant iflustrated in 
Figure 10 is, however, merely an example di 
of one of man^ arrangements which might 
be xKiadc'to suit particular circumstances, 
and is merely given to illustrate how 
further heat economies can be achieved 
and how an extremdy compact an^uige- 1( 
ment of a plant may be achieved -when 
using[ the apparatus according to the pre- 
sent mvention. 

.While- most of tiie foregoing has. been 
directed to treatment of materials on al( 
large scale, there are many operations of a 
small scale nature to-wHoh the invention 
may be applicd.TPbr instance, in the pic- 
ductiou - of 'pigments, particularly ucn 
oxide pigments, exceedingly close control 1] 
of the temperature to which the pigment 
is heated and time of such heating is most 
imTO)rtant. The present invention aflorda 
such exact control, while at ffie same time- 
providing for continuous operation. Other 1] 
sxiitable small scale applications of the 
invention will be obvious to iiiose skilled 
in the art. 

In view of Section 9 of the Patents Act, 
1949, attention is directed to the speoifica- K 
tion and claims of ITnited Kingdom 
Patent 693,868. 

Wbat-we claim is : — 
. 1. 'Method of treating finely divided 
fliiidizahle. solid material jBomprisnrg-lJ 
forming and maintainin^-ardeep fluidized 
bed of said material m horizontal flow and 
transmitting heat to ^ -said material by 
means of heating- elements in direct con- 
tact there^nih at successive stages of its 11 
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lionzonial flow in varying predetermined 
quantities and at varying predetermined 
temperatures. 

2. Method of treating finely divided 
& fluidizable solid material to carrj' out a 

series of changes in composition thereof; 
comprising forming and maintaining in 
horizontal flow a deep fluidized bea of 
said material and transmitting heat to 

1 0 successive zones of said horizontally flow- 
ing flnidized bed by means of heating ele- 
ments in direct contact therewith in th^ 
quantities and at the temperatures 
required to acoomplish desired reactions 

15 in each of said successive zones. 

3. Method of treating finely divided 
fluidizable solid material, comprising 
forming and maintaining a deep fluidized 
bed in horizontal flow over a series of heat- 

20 ing elements, adjusting- and maintaining 
the rate of horizontal flow of said material 
and the temperature of and number of 
said heating elements so as to vary the 
temperature of and heat transfer to the 

2i> solid materia] in snccessive zones along 
the direction of flow, and adjusting and 
maintaining the amount of flnidizing 
medium provided to each zone of the 
fluidized bed so as to maintain optimum 

!^() fluidized conditions throughout the whole 
of said horizontally flowing fluidized bed. 

4. A method as defined in Claim 1, 
wherein the quantity of heat is supplied 
to said material within predetermined 

35 temperature ranges substantially in con- 
formity with the heat requirements of said 
material over said temperature ranges for 
the operation being performed. 

5. A method of heatiny finely divided, 
40 flnidizable solid material, oomprising 

forminff and maintaining a deep, fluid- 
ized bed of said material ; flowing said bed 
horizontally past a plurality of heating 
elements comprising electric strip resistor 

45 elements horizontally disposed trans- 
Tersely to said bed, said strip resistor ele- 
ments being inclined at an angle between 
75* and 45 to the horizontal with the 
dovrastrenm edges thereof being npper- 

IM) most ; and maintaining a horizontal rate 
of flow of said bed which is sufficiently 
high to provide smooth flow conditionp 
within said bed. 

6. A method as defined in Claim 6, in 
66 which the horizontal rate of flow of said 

bed is maintained between 0.2 and 6 feet 
per minnte. 

7. Apparatus for heatinqf finely divided, 
fluidizable solid material, comprising 

00 means for providing a deep horizontally 
flowing fluidized bed of said material, 
said bed having a height substantially 
greater than the width thereof ; means for 
continuously introducing material to one 

65 end of said bed; means for continuously 



withdrawing material from the other end 
of said bed; and heat transfer means in 
direct contact with said bed and 
arranged to transmit heat to said material 
progressively to heat it as it advances 70 
horizontally within said bed: said heat 
transfer means being arranged to trans- 
mit to said material predetermined quan- 
tities of heat within portions of said bed 
where the temperature of said material 75 
is within predetermined ranges. 

8. Apparatus as defined in Claim 7^ in 
which means are provided for indepen- 
dent regulation of the amount of fliudiz- 
ing medium supplied to particular por- 80 
tions of said bea. 

9. Apparatus as defined in Claim 7, in 
which said heat transfer means comprises 
a plurality of heating elements disposed 
within said bed. 95 

10. Apparatus as defined in Claim 7, 
in which said heat transfer means com- 
prises a plurality of heating elements 
horisrontally disjyosed transversely within 
said bed. qq 

11. Apparatus as defined in Claim 7, 
in which, said heat transfer means com- 
prises a plurality of heating elements dis- 
posed within said bed and arranged in 
greater density within portions of said 96 
bed where endothermie changes in said 
material are occurring. 

, 12. Apparatus as defined in Claim 7, 
m which said heat transfer means oom- 
prises a plurality of heating elements 100 
disposed within said bed and arranged in 
leaser densiW within portions of said bed 
where^ exothermic changes in. said 
material are occurring. 

13. Appa^^tus as defined in Claim 7, in 105 
which said heat transfer means comprises 

a plurali^ of heating elements disposed 
within said bed in a density which varies 
lengthwise of the bed in accordance with 
variation in the heat capacity of the J 10 
material undergoing treatment as it pro- 
ceeds along the bed. 

14. Apparatus as defined in Claim 7, in 
which said heat trajisf er means comprises 

a plurality of electrical resistor elements. 115 

15. Apparatus as defined in Claim 7, in 
which said heat transfer means comprises 
a pluralitv of electrical resistor elements 
honzontally disposed transversely within 
said bed. ^20 

16. Apparatus as defined in Claim 16, 
in which said electrical resistor elements 
are strip resistors, and the strips are each 
inclined at an angle to the horizontal, the 
downstream edge of said resistors l^ing l*^') 
uppermost. 

^ 17. Apparatus as defined in Claim 16 
m which said strip resistors are inclined at 
an angle to the horizontal of from 75* to 



18- Apparatus as iMned ia CSaim 17, 
in wMch said strip resistors are arranged 
in a plurality of vertical banks between 
vertical distributor bars^ tbe latter bjav- 
6 in^ fuitable jppwer connections entering 
iKb apparatus &can tilie t^pjl^tberebf. 

19. Apn^tus as disfiied ia Claim 15, 
in wBicn said relator clients are 



16 



jjL groups of vertiad banks, 
10 eapii said group oomprising distribution 
bars for each vertical bank of resistors; 
latei;sJiy spaced apart and loiigitddinally 
disposed brancb bus*bari for eai^ side of 
said group and positioned within the 
apparatus above me bed^ eacdi of said 
branch bus-bars being coxinecied to the 
distribution bar on one side of each of 
said banks ; and a bus-bar for each branch 
bus-bar arranged to connect the latter to 
20 a suitable power source sittiated alrave the ' 
apparatus. 

20. Apparatus as defined in Claim. 7 
comprising means for dividing said bed 
into independent zones, said means' being 
2r>. arrangfed across the bed at at least one 
point along the length thereof correspond- 
ing to a predetermined tempefaturo of the 
material within said bed and means for 
separate collection of gases rising from 
30 said bed in each of said zones. 



ing media supplies are provided for laaeh 
of said indepeiident zones. 

23. In apparatus for heating finely 35 
divided, fiui'dizable solid mat^ri^^ whicL 
comprises^ m%afi for ^providing ,a" deep, 
horizontally -Rowing fluidized bed of CHEiid 
material^ and^eans for^ifajManit^^ 
to said' material in sai& hil progressively 40 
to heat it^as^t adi^iujes honzontaUj^ wit^^ 
in^said bed^; h^tin^'mieai^ 
electrical str^^^esistor^horizontally das-' 
posed transversely within saii bed, and 
inclined at angle to the horizontal, 45 
the d-ownstrebm. edge of said strip resis- 
tor being uppranoat- 

33. Apparatiis las defined in Claim 22, 
in which l^ue ang^e at irhioh said strip 
resistor is inclined to the horizontal £ 50 
between 76' and 46**. 
•^24.. A method of heating find^ divided, 
fiui^able solid inatenid iuMtiuitifl^y as 
described. • 

25. Apparatus for Hebtidg -finely 55 
divided, fluidizable solid material snb- 
stantially as described. 

26. Apparatus substantially as illus- 
trated in the accompanying drawings. 
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